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httpicense.Abstract The Kharita and Bahariya formations are of great importance for Egyptian economy.
They are the target of the oil and gas exploration in the Egyptian Western Desert. The present study
investigated the palynostratigraphy, palynofacies and spore coloration of samples from these two
formations in Negelah-1 Borehole. The investigations were used to evaluate their thermal maturity
and potentiality to generate the hydrocarbons. The identiﬁed palynozones are Afropollis jardinus
Acme Zone (late Albian–early Cenomanian) and Araucariacites australis Acme Zone (middle
Albian). The ﬁrst zone is differentiated into two subzones, which are Elaterosporites klaszii Interval
Subzone and Cretacaeiporites densimurus Interval Subzone. The palynofacies analysis revealed that
the Kharita Formation was deposited in proximal near shore marine environment under oxic con-
ditions. Whereas the lower part of the Bahariya Formation was initially deposited in proximal near
shore dysoxic marine conditions and the environment of deposition getting more distal to inner
shelf dysoxic to anoxic marine conditions in the younger upper part. The samples from both forma-
tions include gas prone type III and IV. The spore color observations indicated that the samples
from both formations are immature to yield gas and are not effective hydrocarbon source.
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The lower Cretaceous succession in theWestern Desert of Egypt
has great importance in oil and gas generation. The
palynostratigraphy and related paleoenvironmental investiga-
tions of this succession were the central focus of numerous pa-
pers in the past decades [1–13]. More recently, the
palynofacies studies were developed and spread out as a useful
tool to interpret the paleoenvironmental conditions and their or-
ganic geochemical inferences e.g. [14–17]. The present paper is a
continuation of that phase of palynological investigations.
The present study deals with the palynostratigraphy of thegyptian Petroleum Research Institute.
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502 W.A. Makled et al.Albian–Cenomanian sediments from Negelah-1 borehole in the
Western Desert of Egypt and they comprise the Kharita and
Bahariya formations. The location of the studied borehole is
in a poorly studied remote part of the northern Western Desert
and still under continuous exploration. The Kharita and Baha-
riya formations have vast economic importance because they
trap some commercial gas accretions [18]. The aim of the present
study is to determine their geological age, environment of deposi-
tion and to examine their potentiality to generate hydrocarbons.
These implications are discussed with the assist of the palynofa-
cies and spore coloration as well as the palynostratigraphy.
2. Stratigraphic setting
The studied succession in Negelah-1 borehole (north Western
Desert, southeast Mersa Matruh, lat. 31 110 45.0000 N and
long. 26 360 04.0000) is comprising the Bahariya (Medeiwar)
and Kharita formations, Fig. 1, which are of Albian–Cenoma-
nian age according to the operator company. The thickness of
these formations and their lithological and gamma-ray log are
after the operator. The lithological and gamma-ray log are pre-
sented in Fig. 2.
2.1. Kharita Formation
El Gezeery et al. [19] described the type section of this Forma-
tion at the Kharita-1 borehole in the Western Desert. The max-
imum thickness (3610 feet) of this unit is found at the MersaFigure 1 The location map of studied Negelah-1 borehole and some
Desert.Matruh-1 borehole [20]. In the present Negelah-1 borehole, it
is composed essentially of thick sandstone beds intercalated
with thin shale, siltstone and frequent carbonate beds. The
dominance of sandstones is indicated from the consecutive
low API units in gamma-ray log, Fig. 2. The sandstone is med-
ium- and occasionally coarse grained, moderately sorted, mas-
sive in parts and frequently contains carbonaceous matter. The
shale intercalations are thick and common. The boundary be-
tween Kharita and Bahariya formations is marked with a wide-
spread and well recognizable limestone bed [20]. In the
Negelah-1 borehole, this Formation is encountered from 6550
to 8100 feet and a thickness of 1550 feet.2.2. Bahariya Formation
The operator called this unit, the Medeiwar Formation, but
this nomenclature is equivalent to the Bahariya Formation
[20]. The carbonates (marls and limestones) are more common
in the Bahariya Formation, especially at the top. It is mainly
composed of shales intercalated with sandstones and silt. The
dominance of shales is indicated from the high API units in
gamma-ray log, Fig. 2. The sandstones are dark gray, massive
coarse to ﬁne and well sorted in part. The shales are thinly lam-
inated dark gray and dark green, calcareous and silty in part.
The Bahariya Formation conformably underlies the Abu
Roach Formation. In the Negelah-1 borehole, the Formation
covers the range from 5350 to 6550 feet and a thickness of
1200 feet.previously studied boreholes in the Northern part of the Western
Figure 2 The range chart of the identiﬁed taxa against the depth. They are arranged according to the order of ﬁrst down-hole
appearance. The lithology of Negelah-1 borehole is presented against the suggested palynostratigraphy.
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Twenty-nine ditch-cutting samples from the two formations
were palynologically analyzed following extraction procedures
involving dilute hydrochloric acid and hydroﬂuoric acid. The
sampled were sieved on 10 lm nylon sieves and mounted in
glycerol resin. At least two slides of each sample were com-
pletely examined and the ﬁrst 500 palynomorphs from the total
particulate organic matter (POM) encountered were counted.
The counted palynomorphs are belonging to three classes and
they are classiﬁed according to Tyson [21,22]. The classes are
Phytoclasts, palynomorphs and amorphous organic matter
(AOM). The counts were used later in a cross plot of a Tyson
type ternary diagram of Tyson [21] and microplankton–spore–
pollen which is modiﬁed after Federova [23] and Duringer and
Doubinger [24]. In order to determine the thermal maturation
numerically, the color of some spores was observed and com-
pared with thermal alteration index (TAI) chart of Pearson
[25]. For this purpose, the selected spore should be the avail-
able at all depths with suitable abundances. Cyathidites austral-
is were found to be adequate. The colors of psilate trilete spore
C. australis grains were observed and the TAI were estimated
based on these observations. The equivalent vitrinite reﬂectance(Ro%) values were calculated using the correlation chart of
Traverse [26]. The sporomorphs (spores and pollen) are ar-
ranged taxonmomically in Plates 1 and 2, while dinoﬂagellates
are arranged in Plate 3. All samples and microscopic slides used
in this study will be stored at the Egyptian Petroleum Re-
searches Institute and they are listed according their depth.
3. Palynostratigraphy
The Cretaceous palynomorph assemblages of the Negelah-1
borehole are divisions of the Albian–Cenomanian Elaterates
Province of Herngreen et al. [27]. This province covers the
old Gondwana [27,28]. This province is equivalent to the Afri-
can–South American (ASA) Microﬂoral Province of Hern-
green [29] and Herngreen and Chlonova [30], the Northern
Gondwana Province of Brenner [31], Galeacornea paleophyto-
geoprovince of Srivastava [32], the Elaterosporites phytogeo-
province of Srivastava [33], Northern Gondwanan Realm of
Batten and Li Wenben [34], and the mid-Cretaceous elater-
bearing phytogeoprovince of Srivastava [35].
On the basis of palynological assemblage, the ﬁrst downhole
appearance of species and events of common occurrences, two
palynomorph acme zones have been identiﬁed, Table 1 and
Figure 3 The distribution of relative and absolute abundances of some common taxa against the depth. The vertical changes in the
abundances are the base of the acme zones deﬁnition.
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ynomorphs, 28 sporomorphs and 15 dinoﬂagellate cysts in
the studied interval and the most important palynomorphs
are represented in the range chart in Fig. 2. The relative and
absolute abundances of the principal palynomorphs constitute
the bases for the palynostratigraphic zonation, Fig. 3. The
identiﬁed palynozones are correlated with palynozones from
previous studies in Egypt and North Africa. Two palynozones
are recognized in the charts and discussed herein from the top
to the base as follows:
3.1. Late Albian–early Cenomanian palynomorph assemblage
3.1.1. Afropollis jardinus Acme Zone
Deﬁnition: It covers the interval from the ﬁrst to the last com-
mon occurrence of A. jardinus.
Stratigraphical range: depth interval from 5350 to 7950 feet
(2600 feet thickness), within the Bahariya and Kharita
Formation.
Remarks: A. jardinus is a common species in the middle/late
Albian–middle Cenomanian of northern Gondwana and was
recorded for the ﬁrst time by Doyle et al. [36] in Aptian–LowerCenomanian. It is recovered in many regions of Egypt, Libya,
Nigeria, Senegal, Sudan, the Persian Gulf area, and the Medi-
terranean [37].
Assemblage: this zone includes a diverse sporomorphs
assemblage. The spore assemblage is composed mainly
of Crybelosporites pannuceus, Cicatricosisporites sp. A,
Cicatricosisporites sinuosus, Deltoidospora sp. A, Trilobospor-
ites laevigatus and the long ranging Todisporites major/minor,
Cyathidites/Dictyophyllidies and Gleicheniidites senonicus. The
pollen assemblage is very distinctive in this age. Angiosperms
are consisted of A. jardinus, Afropollis operculatus,
Cretacaeiporites densimurus, Foveotricolpites giganatoreticula-
tus, Tricolpites sp. A and Retimonocolpites variplicatus. The ela-
terate pollen grains are Elaterosporites klaszii, Galeacorna
causea, Galeacornea clavis and Sofrepites legouxae. Gymno-
sperms are represented by Araucariacites australis, Classopollis
classoides, Callialasporites dampieri, Ephedripites jansonii,
Gnetaceaepollenites sp. A, Steevesipollenites binodosus.
Dinoﬂagellate cysts are not common in this zone and they
are represented mainly by Coronifera oceanica, Dinopterygium
cladoides, Florentinia berran, Florentinia laciniata, Florentinia
mantellii, Florentinia sp. A, Odontochitina operculata,
Palynostratigraphical studies on some subsurface middle Albian–early Cenomanian sediments 505Odontochitina singhii, Oligosphaeridium complex, Spiniferites
sp. A, Spiniferites ramosus and Xiphophoridium alatum.
Age and correlation: the equivalent intervals of this zone
can be found in the Cretaceous successions of many other
areas in Egypt and the surrounding regions. These include,
A. jardinus Assemblage Zone of El Beialy [8], Palynologic Zone
II of El Beialy et al. [13], late Albian–Cenomanian Assemblage
Zones A, B of Ibrahim [14], Zone PS-III of Mahmoud and
Moawad [15], A. jardinus Interval Zone of El Beialy et al.
[16], Palynozone II of Zobaa et al. [17], Assemblage VI of El
Beialy et al. [38], A. jardinus Zone of Aboul Ela and Mahrous
[3], El Shamma and Arafa [39], A. jardinus Zone I of Said et al.
[40], Palynomorph Zone no. II of Mahmoud and Moawad
[41], Bahariya Formation Palynozones of El Shamma et al.
[42] and CE-4 A. jardinus Acme Zone of El Shamma et al.
[43] and Assemblage Zone III of Sultan and Aly [77]. These
palynozones are dated as Late Albian and early Cenomanian
from the north Western Desert. In the surrounding countries,
the present zone can be correlated with the Cenomanian
assemblage of Batten and Uwins [44], Vraconian to early
Cenomanian IVB assemblage of Uwins and Batten [45] and
the latest part of Palynozone III of Tekbali [46] in Libya. In
Nigeria, it can be correlated with the late Albian–early Ceno-
manian Subzone Ia of Lawal and Moullade [47] and Palyno-
logical Zones 4 and 5 of Abu bakar et al. [48]. In Sudan,
this zone can be correlated with the late Albian–early Cenoma-
nian Elaterate-Araucariacites-Leptolepidites Assemblage Zone
of Schrank [49] from northern Kordofan, west of Khartoum.
The correlation can be extended with the late Albian–early
Cenomanian Ahmadi Formation Assemblage of El Beialy
and Al Hitmi [50] and Ibrahim et al. [51] from Qatar, The
age of this zone is late Albian–early Cenomanian. Although,
A. jardinus is a widely employed biostratigraphic marker, the
interval of its common occurrence is for the ﬁrst time being
used in the current paper. The present interval of the A. jardi-
nus common occurrence zone can be divided in two subzones,
which are E. klaszii Interval Zone and C. densimurus Interval
Zone.
Age assignment: A. jardinus was recorded from the Middle/
Late Albian–? Middle Cenomanian of Northern Gondwana
[36]. The range base of A. jardinus has been taken to character-
ize the early Albian in Egypt and elsewhere [11,30,36,52,53,60].
Additional records from Egypt, Libya, other African countries,
Gulf area and the Mediterranean are shown in Palynodata and
White [37]. El Shamma et al. [43] noted the predominant occur-
rence of A. jardinus in Cenomanian.
C. pannuceus is known from lower Albian to middle Ceno-
manian deposits of Senegal and Ivory Coast [54], Libya [46],
Peru [31] and Brazil [55]. It is also recorded from Aptian to
Cenomanian deposits [56].
E. klaszi, Elaterocolpites castelainii, Elateroplicites africaen-
sis, A. jardinus, Galeacornea causea, C. densimurus and C. pan-
nuceus point to the early Cenomanian age [12,14,15,42,43,
57,58].
G. clavis is indicating Cenomanian–Turonian in Nigeria
[47]. It is indicating early middle Cenomanian in Egypt [14].
Matonisporites simplex is recorded in early Cenomanian age
[42,43,57].
E. jansonii is an Albian–Cenomanian recorded from Brazil
[55], Egypt and Qatar [9,11,51,59,60]. S. binodosus was re-
corded in the Albian–Turonian of West Africa [61], Late Al-
bian–early Cenomanian of Nigeria [47,48] and Egypt [10].C. pannuceus is known from lower Albian to middle Ceno-
manian deposits of the Senegal and Ivory Coast [54], Peru [31]
and Brazil [55].
R. variplicatus is among the important palynomorph assem-
blage used in identifying the late Albian–early Cenomanian age
[17,62,63].
The presence of D. cladoides, F. berran and F. mantellii,
indicate late Albian–early Cenomanian age. The former has a
range base in the Albian. They have been recorded associated
with some dinoﬂagellate cysts such as Florentinia cooksoniae,
F. laciniata, Florentinia mantellii, Florentinia radiculata and
X. alatum recorded previously from late Albian–early Cenoma-
nian assemblages from the northern Western Desert [6,8,64].
F. berran has been used as a marker in the latest Albian–early
Cenomanian and recorded from Morroco, northeast Libya and
the northern Western Desert [11,14,16,17,45,52,64–66].
O. singhii was recorded in the Albian–Cenomanian age
[67–70] and in Egypt in the same age [16]. The same dinoﬂagel-
late assemblage along with Oligosphaeridium totum was used in
deﬁning a dinoﬂagellate zone (D4) in the early Cenomanian
[56].
3.1.2. E. klaszii Interval Subzone
Deﬁnition: this subzone is deﬁned from the last occurrence of
E. klaszii to the last occurrence of C. densimurus.
Stratigraphical range: depth interval is from 5350 to
5550 feet (200 feet thickness), within the Bahariya Formation.
Age and correlation: this zone can be correlated with Zone 3
of Ibrahim [12], the CE-3 E. klaszii Acme Zone of El Shamma
et al. [43], C. densimurus–Foveotricolpites gigantoreticulatus
Assemblage Zone PS V of Mahmoud and Deaf [56], the
E. klaszii–E. castelainii Zone of Abd El Shafy and Abd El
Moneim [71] and the E. klaszii Zone of Aboul Ela et al. [72].
E. klaszii subzone of El Beialy et al. [16] and E. klaszii–S.
legouxae–A. jardinus of El Beialy et al. [13]. The age of this
subzone is early Cenomanian.
Age Assignment: Elaterospores are recorded in the northern
Gondowana province from the early Albian to the late Ceno-
manian [73]. E. castelainii ﬁrst occurs in the late Albian/early
Cenomanian [74]. Earliest records of E. klaszi, E. castelainii
and E. africaensis mark the Cenomanian base [11,58]. It is also
recorded in Cenomanian of Egypt [39,57]. The total range of E.
castelainiii occurs in early Cenomanian [15].
G. causea is a late Albian–early Cenomanian marker, ap-
pears in levels above E. klaszi as recorded from sediment of
the ASA provinces such as equatorial Africa [75], NE Brazil
[29,73], Nigeria [47,48,76], Senegal [54], and Egypt
[10,11,13,15–17,41,42,52,57,58].
E. klaszi, E. castelainii, A. jardinus and C. pannuceus were
identiﬁed from Albian–Cenomanian strata of Egypt [1,77].
Schrank [78] noted that E. klaszi and E. castelainii are rela-
tively short ranging palynomorphs and are restricted to middle
Albian–Cenomanian interval in Africa and South America.
S. legouxae is also an index fossil in the Late Albian–Early
Cenomanian strata of Brazil [73] and was reported in the same
interval in Senegal and Gabon [75,79]. It indicated the same age
in the north Western Desert [9,12,13,16,58,59].3.1.3. C. densimurus Interval Subzone
Deﬁnition: this subzone is deﬁned by the last occurrence of
C. densimurus to the First common occurrence of A. australis.
Plate 1 The identiﬁed taxa from the Negelah-1 borehole. The depth and the specimen diameter are indicated. All the specimens are
stored in the biostratigraphy laboratory in the Exploration Department in the Egyptian Petroleum Research Institute (EPRI). The
specimens are indexed by the depth and microscope coordinates. 1- Deltoidospora sp. A, depth 8000 ft, diameter 63 lm. 2- Cyathidites
australis, depth 5590 feet, diameter 70 lm. 3,4-Concavissimisporites punctatus, depth 8000 and 8100 feet, diameter 90,64 lm.
5- Gleicheniidites sp. A, depth 8000 feet, diameter 47 lm. 6- Crybelosporites pannuceus, depth 5750 feet, diameter73 lm. 7-Trilobosporites
laevigatus, depth 6000 feet, diameter 80 lm. 8-Scortea hamoza, depth 8000 feet, diameter 70 lm. 9-Murospora ﬂorida, depth 7980 feet,
diameter 120 lm. 10-Triplanosporites sp. A, depth 5750 feet, diameter 50 lm. 11-Lycospora sp. A, depth 5650 feet, diameter 82 lm. 12-C.
sinuosus, depth 8000 feet, diameter 44 lm. 13-Inaperturopollenites undulatus, depth 8050 feet, diameter 60 lm. 14-Inaperturopollenites sp.
A, depth 8000 feet, diameter 60 lm. 15-Callialasporites dampieri, depth 8050 feet, diameter 48 lm. 16-Callialasporites trilobatus, depth
8100 feet, diameter 48 lm. 16-Classopollis classoides (tetrad), depth 5550 feet, diameter 34 lm. 18-Eucommiidites troedssonii, depth
5000 feet, diameter 38 lm. 19, 20-Ephedripites ovalis, depth 5650 feet, diameter 43, 47 lm. 21-Bennettitaepollenites regaliae, depth
8000 feet, diameter 80 lm. 22- Cycadopites sp. A, depth 5470 feet, diameter 46 lm. 23-Spheripollenites psilatus, depth 5650 feet, diameter
37 lm. 24-Arucariacites australis, depth 8000 feet, diameter 75 lm. 25-Tricolporopollenites sp. A, depth 6200 feet, diameter 25 lm. 26-
Tricolpites vulgaris, depth 6150 feet, diameter 25 lm.
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Plate 2 The identiﬁed taxa from the Negelah-1 borehole. The depth and the specimen diameter are indicated. All the specimens are
stored in the biostratigraphy laboratory in the Exploration Department in the Egyptian Petroleum Research Institute (EPRI). The
specimens are indexed by the depth and microscope coordinates. 1-Equisetosporites ambiguous, depth 5590 feet, diameter 30 lm. 2-
Equisetosporites sp. 1, depth 5350 feet, diameter 35 lm. 3-Steevesipollenites sinuosus, depth 5800 feet, diameter 90 lm. 4-Steevesipollenites
sp. A, depth 6000 feet, diameter 90 lm. 5-Steevesipollenites sp. B, depth 8000 feet, diameter 70 lm. 6-Steevesipollenites binodosus, depth
5590 feet, diameter 83 lm. 7,8-Retimonocolpites variplicatus, depth 5750, 5850 feet, diameter 5555 lm. 9, 10- A. jardinus, depth 5650, 6350
feet, diameter 50, 48 lm. 11-Cretacaeiporites densimurus, depth 5800 feet, diameter 52 lm. 12-Foveotricolpites giganteus, depth 5900 feet,
diameter 55 lm. 13, 14-Sofrepites legouxae, depth 5900, 5800 feet, diameter 47, 45 lm. 15-Galeacornea causea, depth 5350 feet, diameter
55 lm. 16-Galeacornea clavis, depth 5350 feet, diameter 46 lm. 17, 18-Elaterocolpites castelaini, depth 5350, 5950 feet, diameter 37, 36 lm.
19, 20-Elaterosporites klaszii, depth 5950, 6200 feet, diameter 40, 39 lm.
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Plate 3 The identiﬁed taxa from the Negelah-1 borehole. The depth and the specimen diameter are indicated. All the specimens are
stored in the biostratigraphy laboratory in the Exploration Department in the Egyptian Petroleum Research Institute (EPRI). The
specimens are indexed by the depth and microscope coordinates. 1,2-Oligosphaeridium complex, depth 8100, 6000 feet, diameter 53, 40 lm.
3,4-Oligosphaeridium pulcherrimum, depth 8000, 6350 feet, diameter 55, 58 lm. 5-Cribroperidinium orthoceras, depth 8000 feet, diameter
54 lm. 6-Cribroperidinium edwardsii, depth 8100 feet, diameter 60 lm. 7,8-Cribroperidinium globatum, depth 5590,5650 feet, diameter
60,50 lm. 9-Odontochitina singhii, depth 8100 feet, diameter 70 lm. 10, 11-Odontochitina operculata, depth 5800,5650 feet, diameter
60,61 lm. 12-Cyclonephelium vannophorum, depth 5800 feet, diameter 60 lm. 13-Dinogymnium acuminatum, depth 5800 feet, diameter
51 lm. 14-Xiphophoridium alatum, depth 6000 feet, diameter 49 lm. 15-Subtilisphaera senegalensis, depth 8000 feet, diameter 30 lm. 16-
Systematophora cf. S. penicillata, depth 6150 feet, diameter 43 lm. 17-Systematophora sp. A, depth 8000 feet, diameter 40 lm. 18-
Downiesphaeridium spinulastrum, depth 8000 feet, diameter 46 lm. 19-Florentinia berran, depth 6150 feet, diameter 46 lm. 20-Florentinia
cf. Laciniata, depth 8050 feet, diameter 40 lm. 21-Florentinia mantellii, depth 5750 feet, diameter 48 lm. 22-Florentinia cooksoniae, depth
6000 feet, diameter 50 lm. 23- Florentinia radiculata, depth 8050 feet, diameter 52 lm. 24-Florentinia sp. A, depth 6250 feet, diameter
45 lm. 25-Coronifera tubulosa, depth 6250 feet, diameter 30 lm.
508 W.A. Makled et al.
Palynostratigraphical studies on some subsurface middle Albian–early Cenomanian sediments 509Stratigraphical range: depth interval from 5550 to 7950 feet
(2400 feet thickness), within the Bahariya Formation.
Remarks: C. densimurus was mentioned for the ﬁrst time
from early–middle Cenomanian of Egypt [11].
Age and correlation: this zone is equivalent to the early–
middle Cenomanian Zone V of Schrank and Ibrahim [11], late
Albian–early Cenomanian Assemblage Zones A of Ibrahim
[14], C. densimurus interval subzone of El Beialy et al. [16], with
Palynozone II of Zobaa et al. [17], and C. densimurus–F. gigan-
toreticulatus Assemblage Zone (PS V) of Mohamed and Deaf
[56]. The age of this subzone is late Albian–early Cenomanian.
Age Assignment: C. densimurus was recorded by Schrank
and Ibrahim [11], they described it as a potential marker of
early Cenomanian from KRM-1 and AG-18 boreholes. Ibra-
him [12,14] recorded it in the early-middle Cenomanian
GTX-1 and AG-5 boreholes in the Western Desert. It was also
recorded as Cretacaeiporites scabratus from late Albian–early
Cenomanian in East Tiba-1 [3,4,6,8–10,56–58,80]. In southern
localities of Egypt, C. densimurus was extracted from sediments
of Albian–Cenomanian [11,58].
3.2. 2- Middle Albian palynomorph assemblage
3.2.1. A. australis Acme Zone
Deﬁnition: This zone is characterized by the maximum
abundant occurrence of A. australis to the end of the studiedFigure 4 The distribution of relative abundances of tsuccession. This zone is characterized by the appearance of
the palynostratigraphic important spore Scortea hamoza.
Stratigraphical range: This zone interval extends from 7950
to 8100 feet (150 feet) within the Kharita Formation.
Remarks: Bassiouni et al. [57] noted the obvious increase in
the number of A. australis in Albian.
Assemblage: the spore assemblage in this interval consisted
of G. senonicus and C. pannuceus besides long ranging Cyathi-
dites/Dictyophyllidites, Concavissimisporites punctatus,
Cicatricosisporites sp. A, C. sinuosus, Appendicisporites sp.
A, Todisporites major/minor, Deltoidospora sp. A and S.
hamoza.
The gymnosperms are A. australis, Gnetaceaepollenites sp.
A, C. classoides, C. dampieri, E. jansonii and Steevesipollenites
sp. A. The angiosperms are A. jardinus and A. operculatus. The
dinoﬂagellate assemblage included Cyclonephelium vannopho-
rum, F. laciniata and Subtilisphaera senegalensis.
Age and correlation: This zone can be correlated with A.
australis zone of El Shamma et al. [42] in Hayat-4 borehole
northern western Desert, Al.1 zone (A. australis Assemblage
Zone) of Bassiouni et al. [57], A. australis Acme Zone of El
Shamma et al. [43].
Age Assignment: A. australis acme was recorded in the Al-
bian from Hayat-4 borehole in the northern western Desert, El
Shamma et al. [42]. El Shamma et al. [43] recorded an increase
of gymnosperms specially A. australis in the Albian age.he different palynomorphs classes against the depth.
Table 1 The abundances of the identiﬁed taxa in each sample. They are arranged according to ﬁrst downhole appearances.
This table is the base for the range chart presented in Fig. 2.
Age Formation Depth Spores Gymnosperms Angiosperms
Trilet
spores
Cryplosporites
pannaceous
Cicatricosisporites
spp.
Trilobosporites
laevigatus
Murospora
ﬂorida
Scortea
hamoza
Classipollis
classoides
Araucariacites
australis
Callialasporites
dampieri
Ephedripites
jansonii
Cycadopites
sp. A
Monocolpite
sp. A
Gnetaceaepollenites
sp. A
Stellatopo
sp. A
Steevesipollenites
binodosus
Afropollis
jardinu
Afropollis
operculatus
Retimonocolpit
variplicatus
Monocolpite
sp. A
Cretacaeiporites
densimurus
Tricolpites
sp. A
Late Albian–early Cenomanian Bahariya Formation 5350 6.9 1.2 4.3 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 8.3 0.2 0.0 0.0 0.0 0.0
5410 1.9 4.2 6.8 0.0 0.0 0.0 0.0 0.0 0.0 3.4 0.4 0.0 0.0 0.0 0.0 5.3 0.4 0.8 0.0 0.0 0.0
5470 32.5 5.2 14.0 0.0 0.0 0.0 1.2 0.0 0.2 3.1 0.0 0.2 0.0 0.0 0.2 12.6 2.1 0.3 0.2 0.0 0.3
5500 25.9 9.0 9.0 0.0 0.0 0.0 3.9 1.3 0.0 2.6 0.2 0.0 0.2 0.0 0.2 10.3 2.6 0.2 0.0 0.0 0.0
5590 42.9 7.9 5.6 0.0 0.0 0.0 5.6 1.3 0.0 1.7 0.0 0.2 0.0 1.1 0.0 10.2 3.4 0.0 0.2 0.0 0.4
5650 42.2 4.2 3.5 0.0 0.0 0.0 1.9 3.8 0.0 1.4 0.0 0.0 0.0 1.0 0.0 10.9 3.8 0.0 0.0 0.5 0.0
5700 54.5 6.4 2.3 0.0 0.0 0.0 3.5 1.2 0.0 1.2 0.0 0.0 0.0 0.6 0.0 13.9 2.7 0.0 0.0 0.0 0.4
5750 48.0 11.4 2.7 0.0 0.0 0.0 5.7 4.2 0.0 1.1 0.0 0.0 0.0 0.6 0.0 16.0 2.3 0.0 0.0 3.0 0.0
5800 36.7 5.7 2.3 0.0 0.0 0.0 1.7 2.3 0.0 4.6 0.0 0.0 0.0 1.1 0.2 33.3 5.7 0.0 0.0 2.7 0.0
5850 32.9 8.2 4.7 0.0 0.0 0.0 3.7 1.6 0.0 1.8 0.0 0.0 0.0 0.6 0.0 37.6 4.7 0.2 0.0 1.4 0.0
5900 38.6 9.5 4.5 0.0 0.0 0.0 1.5 1.3 0.0 1.3 0.0 0.0 0.0 0.2 0.0 28.4 8.0 0.0 0.0 1.3 0.0
5950 46.2 5.9 5.9 0.8 0.0 0.0 4.7 4.7 0.0 3.2 0.0 0.0 0.0 0.2 0.0 20.2 0.0 0.0 0.0 0.6 0.0
6000 3.6 6.1 0.7 0.0 0.0 0.0 4.6 5.8 0.0 0.7 0.0 0.0 0.0 0.0 0.0 27.6 0.0 0.0 0.0 0.7 0.0
6050 48.2 4.9 0.8 0.0 0.0 0.0 5.3 13.3 0.0 1.8 0.0 0.0 0.0 0.0 0.0 18.8 2.9 0.0 0.0 0.0 0.0
6100 41.2 17.6 0.8 0.0 0.0 0.0 2.0 5.9 0.0 1.8 0.0 0.0 0.2 1.0 0.0 21.2 5.5 0.0 0.0 0.8 0.0
6150 28.6 10.9 1.4 0.0 0.0 0.0 4.8 5.2 0.0 1.6 0.0 0.0 0.2 0.4 0.0 40.6 3.6 0.0 0.0 0.8 0.0
6200 42.4 15.1 2.6 0.0 0.0 0.0 5.2 5.4 0.0 1.0 0.0 0.0 0.0 0.8 0.0 18.5 2.6 0.0 0.0 0.0 0.2
6350 39.5 10.7 2.4 0.0 0.0 0.0 2.4 3.6 0.0 4.7 0.0 0.0 0.4 0.8 0.0 26.0 4.7 0.0 0.0 0.8 0.0
Middle Albian Kharita 6400 4.1 8.9 3.0 0.0 0.0 0.0 3.7 5.9 0.0 3.3 0.0 0.0 0.0 0.7 0.0 33.1 0.0 0.0 0.0 0.4 0.0
6750 51.3 5.0 1.7 0.0 0.0 0.0 4.2 4.6 0.0 2.1 0.0 0.0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.8 0.0
7000 43.4 8.0 3.0 0.0 0.0 0.0 5.1 4.2 0.0 3.8 0.0 0.0 0.0 0.0 0.0 27.4 4.2 0.0 0.0 0.0 0.0
7400 41.5 6.3 1.1 0.0 0.0 0.0 3.7 6.3 0.0 3.7 0.0 0.0 0.0 0.5 0.0 35.8 0.0 0.0 0.0 1.1 0.0
7650 44.6 5.4 1.8 0.0 0.0 0.0 4.9 5.4 0.0 0.4 0.0 0.0 0.0 0.4 0.0 31.3 0.0 0.4 0.0 1.8 0.0
7850 57.1 0.0 9.5 0.9 0.0 0.0 0.0 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.8 0.0 0.0 0.0 2.4 0.0
7900 85.7 0.0 7.1 0.0 0.0 0.0 0.0 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 0.0
7950 62.2 0.4 4.8 0.0 1.0 0.3 1.3 29.8 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.0 0.0 0.0 0.0
8000 74.3 0.6 4.8 0.0 0.0 0.4 1.1 17.7 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.0 0.0 0.0 0.0
8050 7.1 0.2 3.6 0.0 0.0 0.4 4.0 18.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.2 2.2 0.0 0.0 0.0 0.0
8100 68.8 0.4 2.7 0.0 1.0 0.0 4.0 18.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.2 2.2 0.0 0.0 0.0 0.0
Age Formation Depth Elaterate pollen Dinoﬂagellates
Elaterocolpites
castelaini
Elaterosporites
klaszii
Galeacorna
causea
Galeacornea
clavis
Sofrepites
legouxae
Spiniferites
ramosus
Coronifera
oceanica
Dinopterygium
cladoides
Florentinia
berran
Cribroperidinium
spp.
Florentinia
sp.
Odontochitina
operculata
Odontochitina
singhii
Oligosphaeridium
complex
Florentinia
laciniata
Florentinia
mantellii
Xiphop idium
alatum
Florentinia
cooksoniae
Cyclonephelium
vannophorum
Downiesphaeridium
spinulastrum
Systematophora cf.
penicillata
Florentinia
radiculata
Subtilisphaera
senegalensis
Late Albian–early
Cenomanian
Bahariya
Formation
5350 0.6 75.4 0.2 0.4 0.6 0.6 0.2 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5410 0.0 66.8 0.4 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5470 0.0 1.4 0.0 0.0 0.0 8.4 15.4 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5500 0.0 2.6 0.0 0.0 0.0 10.3 14.2 0.6 0.6 3.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5590 0.0 0.8 0.0 0.0 0.0 7.9 2.4 0.2 0.2 5.6 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5650 0.0 0.5 0.0 0.0 0.0 4.6 18.4 0.0 1.6 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5700 0.0 0.0 0.0 0.0 0.0 5.8 3.5 0.0 0.4 2.5 0.2 0.2 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5750 0.0 0.0 0.0 0.0 0.0 2.9 0.6 0.6 0.0 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5800 0.0 0.8 0.0 0.0 1.3 0.2 0.2 0.0 0.2 0.2 0.2 0.2 0.0 0.0 1.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5850 0.0 0.2 0.0 0.0 1.0 0.6 0.0 0.0 0.0 0.0 0.0 0.4 1.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5900 0.0 0.8 0.0 0.0 0.0 2.8 0.9 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5950 0.2 4.7 0.0 0.0 0.0 2.4 0.2 0.0 0.0 0.4 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6000 0.0 0.2 0.0 0.0 0.2 14.8 5.3 1.0 0.7 0.0 0.0 0.0 0.0 0.2 0.0 0.0 2.0 2.0 0.0 0.0 0.0 0.0 0.0
6050 0.0 0.0 0.0 0.0 0.0 2.5 0.8 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6100 0.0 0.0 0.0 0.0 0.4 0.8 0.4 0.0 0.2 0.2 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6150 0.0 0.0 0.0 0.0 0.0 1.0 0.4 0.0 1.0 0.4 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 1.0 4.0 0.0 0.0
6200 0.0 0.4 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.4 1.8 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6350 0.0 0.2 0.2 0.0 0.0 1.8 0.0 0.2 0.0 0.0 0.0 0.6 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Middle Albian Kharita 6400 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6750 0.0 0.4 0.4 0.0 0.4 2.9 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7000 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7400 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7650 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.9 0.4 0.4 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7850 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7950 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8050 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 1.0 0.0 0.0 0.0 2.0 0.0 0.0 1.0 2.0
8100 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.2 0.0 0.4 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Palynostratigraphical studies on some subsurface middle Albian–early Cenomanian sediments 511Bassiouni et al. [57] noted an obvious increase in number of A.
australis pollen grains in Albian. Depending on that evidences
suggest middle Albian age for this zone.
El Beialy [9] described T. laevigatus from middle/late Albian
and it was recorded in spore assemblages that existed during
the Albian–early Cenomanian in Egypt [15,16,58].
This zone is characterized by the ﬁrst downhole appearance
of S. hamoza. This species was used to indicate the S. hamoza
subzone El Shamma et al. [42] and S. hamoza Interval Zone
of El Shamma et al. [43] in the lower Albian. The co-existence
of the S. hamoza and acme occurrence of A. australis indicates
middle Albian Age.
The assemblage can be correlated with a commonly used
dinoﬂagellate zone in the Western Desert of Egypt. S. senegal-
ensis was recorded from Albian sediments by many authors e.g.
[1,11,51,81]. The dinoﬂagellate assemblage C. vannophorum
and S. senegalensis is indicating Albian age [11,56]. This zone
is described as the S. senegalensis – C. vannophorum Interval
Zone of Albian age of Schrank and Ibrahim [11] and as Zone
D3 C. oceanica–Oligosphaeridium spp. – S. senegalensis Assem-
blage Zone of Albian age [56].T
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.04. Palynofacies and paleoenvironmental analysis
The particulate organic matter (POM) or kerogen in the pres-
ent study is classiﬁed into three main classes, which are recog-
nized using the classiﬁcation scheme of Tyson [21,22].
Palynomorphs could be terrestrial (sporomorphs) or marine
(dinoﬂagellates or foraminifera test linings). Phytoclasts are
all structured, opaque or translucent yellow to brown, dis-
persed particles of plant-derived kerogen other than pal-
ynomorphs. The Amorphous organic matter (AOM) refers to
all structureless dispersed particles of kerogen, whether of mar-
ine or non-marine origin. The relative variations in the compo-
sition and proportions of the palynomorph assemblages could
be the direct response to the inﬂuence of the paleoenvironmen-
tal conditions that are existed during the deposition, Fig. 4.
These conditions are oxygen content, proximity to sediment
source or landmass and sea level changes [21,22]. The Tyson
type ternary diagram and the microplankton–spore–pollen dia-
gram can provide valuable information about the environmen-
tal conditions that prevailed during the deposition, Table 2 and
Figs. 5 and 6.
4.1. Kharita Formation
The sediments of this Formation included abundant translu-
cent brown and opaque phytoclasts, very rare sporomorphs
and marine palynomorphs (dinoﬂagellates and foraminiferal
test linings). The AOM is generally common and become
more abundant at in the lower and upper parts just at the
contact with the Bahariya Formation. The samples from the
Kharita Formation are mostly plotted in the ﬁeld (II) in the
Tyson ternary diagram and in the microplankton–
spore–pollen diagram they occupy the deltaic and near-shore
ﬁeld. The opaque phytoclasts is the dominate palynomorph
in the palynofacies assemblage. This perhaps indicates to
the proximity of the landmass and/or the elevated oxygen
content of the depositional environment, Fig. 4. In general
the phytoclasts high abundances are an indicator to the prox-
imity to the source of fresh water discharge (deltas or rivers)
512 W.A. Makled et al.[22]. The deposition of the Kharita Formation took place in
proximal shallow marine environment and in well oxygenated
water (oxic conditions). The proximity to the land mass is
conﬁrmed by the dominance of sandstones in the lithology
of this Formation, Fig. 2.4.2. Bahariya Formation
The palynofacies composition in the lower part of the Bahariya
Formation is similar to the Kharita Formation. The phyto-
clasts are still abundant with much more translucent woody
fragments, which indicate more proximity to the source of
the fresh water discharge than the Kharita Formation, Fig. 4.
The AOM did not increase in proportion than that in the Kha-
rita Formation. In the upper part, the palynofacies analysis
showed a moderate enrichment of the marine palynomorphs
(foraminiferal test linings and dinoﬂagellates) as well as the
sporomorphs. The abundance of the marine palynomorphs is
in general gradually increasing upward, Fig. 4. This suggests
an increase in the marine inﬂuence during the deposition, which
may indicate a marine transgression at this part of the Bahariya
Formation. The same indication of increase in marine inﬂuence
in the Bahariya Formation was noticed in this Formation in the
Abu Gharadig-5 borehole, which is located to the central north
of the Western Desert and to the east of the present studied
borehole [14]. The marine transgression can be conﬁrmed by
the increase in the shale and limestone fractions in the upper
part of this Formation lithology, Fig. 2. The samples from
the Bahariya Formation plotted at ﬁelds (I, II, III, IVa, V) in
the Tyson ternary diagram and the deltaic to inner shore ﬁeld
in the microplankton–spore–pollen diagram. The Bahariya
Formation deposited initially in the shallow near shoreFigure 5 Tyson type ternary plot of the palynomorph classes and pa
are plotted in the ﬁelds I, II, III, IV, V. Field I = kerogen type
II = kerogen type III; ﬁeld III = kerogen type III or IV; ﬁeld IV
VI = kerogen type II; ﬁeld VII = kerogen type II; ﬁeld VIII = kerogenvironment, which was getting deeper and more distal to the
inner shelf environment in the upper younger part (lower in
abundance of phytoclasts = increasing in subsidence [21,22]).
The low to moderate abundance of AOM and lower abundance
of opaque phytoclasts indicate that environment was dysoxic.
5. Kerogen types, the thermal maturation and hydrocarbon
generation potentiality
Depending on the proportions of the different palynomorphs,
the palynofacies analysis is a successful tool to determine the
kerogen types [22]. On the other hand, the thermal maturation
is indicated from the spore coloration. The ﬁelds of Tyson ter-
nary diagrams are indicating the kerogen types [21,22], Fig. 5.
The samples from the Kharita Formation contains abundant
brown phytoclasts and are all belonging to the ﬁeld (II), which
indicate gas-prone kerogen types III and IV. The color of the
C. australis spore grains are immature dark yellow to orange,
which indicating a thermal alteration index (TAI) range be-
tween 2- and 2 and vitrinite reﬂectance of 0.5%, Pearson,
1984. The samples from the Bahariya Formation includes
translucent and brown phytoclasts and are plotted in the ﬁelds
of (I, II, III, IV, V), which indicate gas-prone kerogen type III
and IV. The color of the C. australis spore grains did not
change from the older samples from the Kharita formation.
The color ranged between immature dark yellow to orange,
which indicating a thermal alteration index between 2- and 2
and vitrinite reﬂectance of 0.5% [25].
Overall, the hydrocarbon generation potentiality is poor in
both of these formations and they are immature to yield any
hydrocarbons. In the previous studies in the other areas in
the Western Desert, the samples from Bahariya and Kharitalynofacies distribution. It is modiﬁed after Tyson [21]. The samples
III; ﬁeld II = kerogen type III; ﬁeld I = kerogen type III; ﬁeld
= kerogen type III or II; ﬁeld V = kerogen type III > IV; ﬁeld
en type II > I; ﬁeld IX = kerogen type II or I.
Figure 6 The microplankton-spore-pollen ternary plot diagram (modiﬁed after Federova [22] and Duringer and Doubinger [23]). The
possible environmental interpretations are shown in each ﬁled of the plot.
Palynostratigraphical studies on some subsurface middle Albian–early Cenomanian sediments 513formations were immature and of poor hydrocarbon genera-
tion potentiality e.g. [13,14,17]. Most of the studied locations
and boreholes in these works are in the northern part of the
Western Desert and to the south to the location of Negelah-1
borehole, Fig. 1. The integration of the results from these
works perhaps means that the conditions during the deposition
of both formations were uniform through at least the northern
part of the Western Desert. This present study suggests that
more AOM accumulations are expected with the increasing
of the marine inﬂuence in the more distal locations further to
the north, although this is depending on other paleoenviron-
mental conditions (like oxygen content). The higher potential-
ity to contain source rocks or to generate hydrocarbons in
Bahariya and Kharita formations should be found in the dee-
per off-shore region to the north of the location of the present
studied Negelah-1 borehole.6. Conclusions
The presents study focused on the palynostratigraphy, palynof-
acies and hydrocarbon generation potentiality of the Kharita
and Bahariya formations from the Northern part of the Wes-
tern Desert of Egypt and the study results in the following:
(1) The Bahariya and Kharita formations contain a diverse
sporomorph and dinoﬂagellates association, which
belongs to two palynozones:(a) A. jardinus Acme Zone (late Albian–early Ceno-
manian). This zone can be differentiated into two
subzones, which are the E. klaszii interval subzone
and C. densimurus interval subzone.
(b) A. australis Acme Zone (middle Albian).(2) The identiﬁed zones are correlated with the previously
studied palynozones from the different areas in the Wes-
tern Desert of Egypt.
(3) The palynofacies analysis revealed the Kharita Forma-
tion deposited in proximal shallow near shore marine
environment under oxic conditions. The Bahariya For-
mation was deposited in deeper and more distal marine
environment under dysoxic conditions. Both the forma-
tions include gas prone kerogen types III and IV.
(4) The spore color examinations of the C. australis grains
indicated the immature kerogen association in both the
Kharita and Bahariya formations.
(5) The hydrocarbon generation potentiality in the Bahariya
and kharita formations is generally poor because of the
low quantity of AOM and immaturity of kerogen parti-
cles. Their potentiality to contain source rocks and gen-
erate hydrocarbons will increase in the north in the
location of the present studied Negelah-1 borehole,
where more AOM is expected to accumulate.
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